Introduction: The aim of the present study was to evaluate the physicochemical properties of a bioceramic root canal sealer, Endosequence BC Sealer. Radiopacity, pH, release of calcium ions (Ca 2+ ), and flow were analyzed, and the results were compared with AH Plus cement. Methods: Radiopacity and flow were evaluated according to ISO 6876/2001 standards. For the radiopacity analysis, metallic rings with 10-mm diameter and 1-mm thickness were filled with cements. The radiopacity value was determined according to radiographic density (mm Al). The flow test was performed with 0.05 mL of cement placed on a glass plate. A 120-g weight was carefully placed over the cement. The largest and smallest diameters of the disks formed were measured by using a digital caliper. The release of Ca 2+ and pH were measured at periods of 3, 24, 72, 168, and 240 hours with spectrophotometer and pH meter, respectively. Data were analyzed by analysis of variance and Tukey test (P < .05). Results: The bioceramic endodontic cement showed radiopacity (3.84 mm Al) significantly lower than that of AH Plus (6.90 mm Al). The pH analysis showed that Endosequence BC Sealer showed pH and release of Ca 2+ greater than those of AH Plus (P < .05) (J Endod 2012;38:842-845) 
B
ioceramic-based materials have been recently introduced in endodontics, mainly as repair cement (1, 2) and as root canal sealer (3) (4) (5) . Bioceramics are the result of the combination between calcium silicate and calcium phosphate that are applicable for biomedical and dental use (3) . According to manufacturers, bioceramic materials show alkaline pH, antibacterial activity, radiopacity, and biocompatibility. Thus, the main advantages of bioceramic materials in dental application are related with their physical and biological properties. Bioceramics are biocompatible, nontoxic, nonshrinking, and chemically stable within the biological environment. Another advantage of the material is its ability during the setting process to form hydroxyapatite and ultimately a bond between dentin and filling material (5, 6) .
Endosequence BC Sealer (Brasseler USA, Savannah, GA) is a premixed bioceramic endodontic sealer that presents in its composition zirconium oxide, calcium silicates, calcium phosphate monobasic, calcium hydroxide, filler, and thickening agents (4) . Therefore, Endosequence BC Sealer has been designed to harden only when exposed to an environment such as dentinal tubules (6) . Dentin is composed of approximately 20% (by volume) of water (7) , and this water causes the material setting (5, 8) . However, up to now, there are limited independent publications about the physicochemical and biological properties of bioceramic endodontic sealer and its possible use in clinical practice.
Thus the aim of the present study was to analyze radiopacity, pH, release of calcium ions (Ca 
Materials and Methods
Radiopacity and flow evaluations were performed according to ISO 6876/2001 specifications (9) . Release of calcium ions (Ca 2+ ) and pH were measured at different periods. AH Plus cement was mixed according to recommendations from the manufacturer. Endosequence BC is premixed, so further manipulations were unnecessary. Table 1 demonstrates the constitution of cements.
Radiopacity Test
Cylindrical samples from each material were manufactured by pouring the manipulated cements into metallic rings measuring 10 mm in diameter and 1 mm in thickness. Five samples of each material were manufactured. The filled rings were kept at 37 C until cements were completely set. The specimens were then removed, and the thickness was checked with a digital caliper (Mitutoyo Corp, Tokyo, Japan). The dentin cylinders were obtained by cutting noncarious roots freshly extracted from human teeth in 1-mm-thick sections with a water-cooled silicon carbide disk. The dentin disks were for the purpose of radiographic comparison with the sealers tested and the aluminum wedge. The disk thickness was checked with a digital caliper. All cement and dentin specimens were placed on 5 occlusal films (Insight; Kodak Company, Rochester, NY) along with an aluminum step-wedge graduated from 1-10 mm Al (in 1-mm increments). Radiographs were taken by using a radiographic unit (Gnatus XR 6010, Ribeirão Preto, SP, Brazil) operating at 60 kV, 10 mA, with exposure set at 0.3 seconds and a focus-film distance of 30 cm. After processing, the radiographs were digitized by using Nikon D40 with Nikon 50-mm macro lens (Nikon D40, Tokyo, Japan) and imported into Digora 1.51 for Windows software (Orion Corporation Soredex, Helsinki, Finland). The radiopacity value was determined according to the radiographic density, which was also converted into millimeters of aluminum. Conversion was performed as described by Duarte et al (10) .
pH Analysis
Shortly after manipulation, the cements were carefully placed in plastic tubes (polyethylene) measuring 1.0 mm in internal diameter and 10.0 mm in length with only one open end, with the aid of a lentulo spiral. Periapical radiographs were taken to confirm the complete filling of tubes and the absence of bubbles. Eight samples were used for each material. After being filled and weighed, each specimen was immediately immersed in test glass tubes containing 10 mL of deionized water (Permution, Curitiba, PR, Brazil), which were then sealed with Parafilm (American National Can, Menasha, WI) and placed in oven at 37 C (Farmen, São Paulo, SP, Brazil), being kept throughout the study period. The pH was measured with pH meter (QM-400; Quimis, São Paulo, SP, Brazil) previously calibrated with solutions of known pH (4, 7, 10) . Previous to the immersion of specimens, the pH of the deionized water was verified, showing pH 6.9. After removal of the specimens, the test tubes were shaken for 5 seconds before pH measurement. Evaluations were performed at periods of 3, 24, 72, 168, and 240 hours. Fresh tubes containing deionized water were used for each evaluation period.
Calcium Ion Release
The release of calcium ions (Ca 2+ ) was measured by using an atomic absorption spectrophotometer (AA6800; Shimadzu, Tokyo, Japan). The conditions for use of the appliance were determined following the manufacturer's instructions by using a wavelength of 422.70 nm, gap of 0.2 nm, current of 10 mA in the lamp, and slightly reducing stoichiometry, kept by an acetylene flow of 2.0 L per minute, supported by the air. A lanthanum chloride solution at concentration of 10 g/L was used to eliminate the interference of phosphates and sulfates and the possibility of formation of refractory oxides. A standard stock solution of 10 mg/dL was diluted in water to achieve the following concentrations: 0.025, 0.05, 0.1, 0.25, 0.5, and 1.0 mg/dL. The results were calculated according to a standard curve established on the basis of solutions with predefined calcium concentrations.
Flow Analysis
Final volume of 0.05 mL of cement was prepared and put on glass plate by using a tuberculin syringe of 1.0 mL. At 180 AE 5 seconds after the onset of the mixing, the second glass plate (50 Â 50 Â 3.2 mm and 20 g of weight) was carefully and centrally placed on top of the sealer, followed by weighting of approximately 100 g to make a total mass on the plate of 120 g. Ten minutes after the onset of the mixing, the weight was removed, and the maximum and minimum diameters of the compressed sealer disks were measured by a digital caliper (Mitutoyo MTI Corporation). If the values were within 1 mm, the mean of both diameters (maximum and minimum) was taken as the sample flow. If the maximum and minimum diameters of disks were not uniformly circular or were not within 1 mm, the test was repeated. Five samples for each sealer (n = 5) were used, and the mean of 3 measurements for each sample, expressed to the nearest millimeter, was taken as the sample flow (group). According to ISO 6876/2001 specifications (9) , for the flow test, a disk of at least 20-mm diameter must be obtained.
Statistical Analysis
Data were statistically analyzed by analysis of variance (ANOVA) and Tukey test by using SPSS software 15.0 (SPSS Inc, Chicago, IL). The significance level adopted was P < .05.
Results

Radiopacity Test
Although the radiopacity value of Endosequence BC Sealer cement (3.834 AE 0.346 mm Al) has been significantly lower (P < .05) than radiopacity of AH Plus (6.936 AE 0.462 mm Al), this value was above the recommendation by ISO 6786/2001. The dentin presented radiopacity corresponding to 1.045 AE 0.200 mm Al. 
Discussion
Bioceramic materials have been introduced in the daily practice of dentistry mainly because of their high biocompatibility (1, 5, 11) and strong antibacterial activity (6) . The present study assessed the radiopacity and flow of new bioceramic cement, Endosequence BC Sealer, according to ISO 6876/2001 recommendations (9) , and chemical properties such as pH and release of Ca 2+ were also evaluated. Radiopacity is an essential physical property that allows the viewing of the endodontic filling material through radiographic examination to check the obturation quality. The radiopacity value of Endosequence BC Sealer was 3.83 mm Al, which is in agreement with ISO 6786/2001 recommendations (9) that established the minimum value of radiopacity of 3.00 mm Al. Although the constitution of both materials presents the same radiopacifier, zirconium oxide, the radiopacity of bioceramic sealer was significantly lower than that of AH Plus. The differences between radiopacities of root canal sealers tested in the present work might be analyzed by the presence of radiopacifying agents in each material. Duarte et al (10) evaluated the radiopacity of Portland cement with different radiopacifying agents. It was observed that this association is more radiopaque when the following radiopacifying agents were added in decreasing order: bismuth oxide, zirconium oxide, calcium tungstate, barium sulfate, and zinc oxide. Therefore, it could be inferred that depending on the amount and proportion of each radiopacifying agent, more or less radiopaque cement might be obtained (8) . This possibly explains the fact that AH Plus cement presents another radiopacifier, calcium tungstate, which must increase the radiopacity value.
In regard to flow, both Endosequence BC Sealer and AH Plus demonstrated acceptable values according to ISO 6786/2001 recommendations (9) , in which the minimal flow required for cements is 20 mm. Flow is an important physical property that allows the cement to fill spaces of difficult access such as isthmus and accessory canals.
However, a high flow might increase the chance of the material extrusion toward the periapical region. Although it has been demonstrated that the Endosequence BC Sealer presents low cytotoxicity (5, 11), care should be taken to avoid overfilling. Furthermore, Hess et al (4) observed that files are unlikely to penetrate BC Sealer because of the hardness on setting of bioceramics, but in some cases unset sealer might be penetrable. They suggested that conventional retreatment techniques are not always able to fully remove BC Sealer. It was previously reported that ''the key is using bioceramics as a sealer, not a filler'' (3). Therefore, the inability to regain the working length and/or patency might compromise retreatment by preventing proper cleaning and shaping of the apical canal space, which might harbor bacteria.
According to the manufacturer, this cement shows high pH (12.8), high radiopacity, but the present study found that the maximum pH value was 11.21 after 10 days. An alkaline pH promotes the elimination of bacteria such as Enterococcus faecalis that might survive after chemomechanical preparation and induce or maintain periapical inflammation but do not survive in pH near 11 (12, 13) . It has still been suggested that the mechanism of repair stimulation by deposition of mineralized tissue depends on pH and on the ability to release Ca 2+ (14, 15) . It was observed that moisture facilitates the hydration reactions of calcium silicates to produce calcium silicate hydrogel and calcium hydroxide, which partially react with the phosphate to form hydroxyapatite and water (6, 8, 16, 17) .
The amount of Ca 2+ released from Endosequence BC Sealer was far higher (2.585 mg/L) than that from AH Plus (0.797 mg/L), mainly after 7 days. A concordance was also observed between pH and the amount of Ca 2+ released in both analyzed materials. A possible explanation for the high amount of Ca 2+ released by bioceramic cements could be associated with setting reactions, including hydration reactions (A and B) of calcium silicates as described below (16) In 168 hours, Endosequence BC Sealer presented the highest rate of Ca 2+ release, and this fact might be related with the final setting time of this material that occurs between 160 and 240 hours in moist medium (5) . Further studies must be performed to confirm this observation. Another interesting fact is that the release of calcium and hydroxyl ions from the calcium silicate-containing material might result in the formation of an apatite layer when it comes in contact with phosphate-containing fluids for 2 months. Thereby, formation of this interfacial layer develops a chemical bond between calcium silicatebased materials and dentinal walls (18) . Therefore, it is anticipated that EndoSequence BC Sealer, which is based on a calcium silicate composition, has the potential to adhere chemically to dentin Values followed by different superscript letters indicate statistically significant differences according to ANOVA (P < .05) in comparison between materials in same experimental time. (18, 19) , decreasing the marginal leakage and gaps as observed by Zhang et al (8) .
Up to now, there are limited independent publications about the properties and applications of bioceramic root canal sealers in endodontics. Additional in vitro, ex vivo, and in vivo research must be conducted to evaluate the performance of this new material and to confirm its use in endodontic therapy.
In conclusion, the results of this study showed that the bioceramic endodontic cement, Endosequence BC Sealer, demonstrated suitable physicochemical properties.
